On Earth day in 2016, 195 nations signed the Paris Agreement in a historical move to reduce greenhouse gas (GHG) emissions and control the risks of climate change on the planet. In its 2018 report, 'Global Warming of 1.5 °C', the Intergovernmental Panel on Climate Change (IPCC) warned the public more clearly than ever that there were only 12 years for global warming to be kept within 1.5°C, beyond which even a rise of 0.5°C would significantly increase the risks of floods, drought, extreme heat and poverty for millions of people (EC-IPPC, 2018) . The latter report immediately attracted global attention on its release, and warned the world that urgent and unprecedented actions are required to reach the climate change mitigation and adaption targets, among which improved waste management can be a feasible and affordable option.
It was estimated that 1.6 billion tonnes of carbon dioxide equivalent (CO 2 -equivalent) GHG emissions were generated from the waste sector in 2016, which was about 5% of global emissions (Kaza et al., 2018) . The emissions are expected to reach 2.6 billion tonnes of CO 2 -equivalent by 2050 if no improvement is made in the waste industry. Although the current 5% fraction is relatively less pronounced compared with the power generation and transportation sectors, we believe that the waste management community needs to stand up right now to take leadership in an effort to develop climate smart waste management in order to mitigate and adapt to the climate change. As the young Swedish climate activist Ms Greta Thunberg said, 'you're never too small to make a difference'.
Connections between waste management and greenhouse gas flux
A number of waste management processes lead to either positive or negative fluxes of GHGs, as follows. The net GHG flux from a waste management system should be assessed as the sum of the positive and negative fluxes of various management processes, which could be influenced by many factors, such as waste composition, the treatment technologies used, the energy mix, etc.
• • Positive flux in waste collection, transportation and processing: currently, most waste management systems collect, move and process a large volume of wastes, which cause the emission of carbon dioxide (CO 2 ) and nitrous oxide (N 2 O) from fossil sources. • • Positive flux in waste treatment and disposal: globally, wastes generated every day often end up in dump sites or lowtech landfills, especially in the vast majority of developing countries. When biodegradable waste fractions decompose under anaerobic conditions in dump sites or landfills, CO 2 and CH 4 are given off (Eleazer et al., 1997) . As CH 4 is a potent GHG, landfilling of those biodegradable wastes alone has long been recognized as one of the largest anthropogenic global CH 4 emission sources. Other major biological (e.g., aerobic composting and anaerobic digestion) and thermal treatments (incineration) will also emit GHGs in the primary form of CO 2 . • • Negative flux in waste treatment and disposal: organic wastes (e.g., paper, food waste or garden waste) account for 30-70% of total municipal solid waste generation. If diverted from landfilling or incineration, through aerobic or anaerobic treatment, those putrescible wastes can be transformed into fertilizers and soil conditioners, which may offset GHG emissions by avoidance of chemical fertilizer utilization and sequestration of biogenic carbon in soils. Waste-to-energy incineration, recovery and utilization of landfill gas and biogas generated from anaerobic digestion can also contribute to reduce GHG emissions by avoidance of fossil fuel consumption.
Achieving waste management and climate goals simultaneously through a climate smart waste management
As worldwide countries and industries struggle to fight global warming, climate change mitigation and adaption represent unique opportunities that may drive the waste industry to transform towards achieving sustainable development goals.
• • Firstly, climate change can be an important driver for improving current waste management practices, leading to more integrated sustainable waste management systems. • • Secondly, climate change can stimulate the better utilization of renewable resource and energy, in which the generation of fertilizers, soil conditioners and energy from wastes have a crucial role to play. • • Thirdly, climate change is directly linked with the required shift from a linear economy to a circular economy, in the context of sustainable development, and the effort to eradicate poverty.
As discussed above, although waste management activities represent an opportunity for GHG emission reduction, their benefits have yet to be fully recognized and need to be further exploited.
Can waste management be hailed as a climate change mitigation leader?
888349WM R0010.1177/0734242X19888349Waste Management & ResearchEditorial editorial2019 Editorial • • Firstly, waste management activities are often implemented regionally or locally. At the project level, the benefits of waste management activities on the reduction of GHG emissions have often been left out of feasibility analysis because those benefits were not easily quantifiable due to lack of reliable data and standardized methodologies. This has often left regional or local decision makers, industry practitioners and the public neglecting those benefits. • • Secondly, in the past, we have primarily focused on the benefits of end of pipe waste treatment and disposal, but have often underestimated and overlooked the benefits that could be derived from waste prevention, reduction, reuse and recycling. On the one hand, this is because those benefits were not easily quantifiable, similar to above; on the other hand, this is because waste prevention, reduction, reuse and recycling involve multiple stakeholders in addition to governments, including manufactures, communities and individuals, which means that those activities are difficult to take in an integrated manner. In particular, waste prevention and reduction deserve more attention than they have so far received, given their GHG emission reduction benefits. • • Thirdly, the benefits of the avoidance and diversion of organic wastes (in particular, food waste) disposed in landfills should be further emphasized and implemented on a global scale. The avoidance and diversion of organic wastes to other waste management options has proven an affordable and feasible way to significantly reduce the carbon footprint of organic waste management, as observed in developed European Union (EU) countries, Japan, etc. These efforts should be further spread out to developing and transition countries.
Overall, there are several crucial areas identified as essential for enabling waste management to become more climate smart.
• • Mitigation and adaption: as of now and in the foreseeable future, more wastes are generated in developing countries, so the transfer of mature technologies from developed countries to those countries will be a cost-effective way to achieve emissions reduction on a global scale. Thus, the waste industry should facilitate transfer of knowledge, skills and technologies to developing countries. In the meantime, those knowledge, skills and technologies cannot be simply transferred and need adaption to local waste volume and composition, infrastructures, socio-economic and climate conditions in order to minimize impacts on resources, the environment and the climate, in line with the goals of waste management. • • Transparency: accurate quantification of GHG emissions is essential for the development and monitoring of realistic emission reduction targets at all levels. The current approaches have generated valuable databases for assessing GHG emissions from waste activities; however, improvements are needed to fully reflect the entire life cycle of the materials and energy involved in waste management. Improved, coordinated and transparent methods of data collection and analysis related to waste management activities must be further developed to complement existing methods and to reduce uncertainty in the accounting of GHG emissions. • • Support: for decades, the waste industry has offered practical and cost-effective technologies to simultaneously address waste issues and reduce GHG emissions. On the one hand, the industry should continue to make use of this proven experience; on the other hand, it should facilitate research and development to provide even more climate friendly waste management solutions in support of global GHG mitigation. International organizations and academic institutes are needed in close cooperation with the waste industry to support research and education, as well as assess experiences from different countries on policies, strategies and project implementation. Last but not least, structurally integral and administratively improved financial mechanisms are needed to assist waste communities to make significant advances towards waste-related GHG emissions reductions.
There are some things we can always do.
